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Methyl bromide i a highly effective fumigant to control infestation of dates by 
in ect such as aw-toothed grain beetle, Oryzaephilu surinamensis. The use of methyl 
bromide will be phased out by 20 1 5  due its adverse effects on Ozone layer. Therefore, 
environmentally friendly and cost-effective alternatives for controlling insects in dates 
during storage are needed. Such a treatment should not degrade quality of dates. 
The objective of this study was to investigate the effectiveness of conventional 
heating, freezing, and microwave heating as alternatives to methyl bromide fumigation and 
to determine the effect of these treatments on dates quality. Date samples were heated 
using a conventional oven at 55, 60 and 65 DC for 5, 1 5  and 30 minutes. They were frozen 
using a home freezer at - 18 , -25 and -30 DC for 5, 1 5  and 30 minutes. They were heated in 
a home microwave oven for various times at different power settings. After these 
treatments, their texture, color, moisture, water activity, sugar composition and sensory 
properties were evaluated. 
The heating treatment for 5 min was effective at all temperatures (55, 60 and 65 DC) 
tested. The shortest effective heating treatment (55 DC for 5 min) did not affect the texture 
and sensory quality of the dates. Moisture content, water activity and sugar composition 
were not affected by any of the heat treatments. The lightness of date samples were 
increased with heating time and temperature. Heat treatments also increased redness and 
yellowness. Even the mildest heat treatment affected the instrumental color properties 
significantly. 
Freezing treatment for 5 min was not 1 00% effective at any of the freezing 
temperature used. Adult insects were eliminated; however, all larvae were not killed. 
Freezing treatment at -18 DC was not effective for any time period tested. The highest 
effective temperature was -25 DC which needed at least 1 5  min to eliminate both adult 
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in ect and larvae. Freezing at -30°C for at least 15 minutes also resulted in 100% 
mortality. Freezing caused a lighter yellow color affecting sensory color perception. The b 
value of treated amp\es decreased which indicated a decrease in yellowness. Water 
acti ity was increased as a result of freezing treatment. Texture parameters and moisture 
were not ignificantly affected by freezing. 
For the microwave treatment, as the power level was increased mortality was 
increased. However, none of the treatments applied resulted in complete disinfestation. 
Dates vacuum packed, sealed and immersed in hot water and heated by pulsed heating for 
a total time of 110 s provided 100% mortality. 
It can be concluded from this study that conventional heating, freezing and 
microwave beating can be used for controlling insect infestation in dates. Heat treatment at 
55°C was determined as the best treatment that effectively disinfests without causing a 
significant change in the quality of dates. However, long term storage studies should be 
performed to make sure that heating does not cause any adverse effects on quality which 
will become noticeable during long term storage. 
IV 
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The date palm (Phoenix dactylifera L.) is one of the oldest plants cultivated in the 
Middle East by man. The origin of the date palm is thought to be either Mesopotamia or 
the Gulf region (I). Date palm, the tree of life, is the major fruit tree in most Arabian 
countrie and it is widely grown in the Middle Eastern countries (2). The date palm is well 
adapted to the harsh climatic conditions of the desert area. Date fruits served as a staple 
food helped sustain nomadic peoples of the Middle East for many years (3). Dates, camel 
milk and fish were the main source of food in the gulf region, and particularly in the 
United Arab Emirates (UAE) before the discovery of oil. The economy of the UAE at the 
present is founded on oil which caused socio-economic changes in the country but dates 
still play an essential role in the diet of the Emarati people. 
Date production in the world is restricted to a limited number of countries, most of 
them being Arab countries. Growing palms in the UAE was promoted through the 
generous assistance of the government. The government subsidized f�g inputs, the 
price of dates and provided marketing facilities (4). The date palm starts to produce fruits at 
an average age of 5 years and continues production with an average yield of 40-60 
kg/tree/year (5 ) The Gulf countries produced 1 .9 million tons of dates in 2003, which 
represent 2 8% of the global production (6). Date production in the UAE greatly increased 
over the past two decades, and the latest F AO data 2005 indicated that the production is 
859, 1 59 tons of dates which represent 1 3% of the world production Figure 1 (6). While 
there are many date cultivars in the UAE only 26 varieties are produced commercially. 
Dates are classified according to the moisture content to: 
o Dry dates, hard structure with average moisture content of 8- 1 0%. 
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o emidry date , medium texture with moisture content of 1 1 - 1 6%. 
o oft date , oft te ture with moisture content of 1 7-22%. 
Mo t of the AE date varieties are of the oft type with exception of some varieties 
c1as ified as emidry dates. Harvesting season is between August- October; some varieties 
ripen early in the eason while others commence ripening in the end of the season (August! 
eptemb r). The dates are harvested at three stages of maturity for marketing. At the khalal 
stage, the fruit i physiologically mature, hard, crisp, yellow or red with about 50% 
moisture. Rutab, emi ripe date is soft with 30-35% moisture and tamr the fully ripe date, 
dark color with moisture about 8- 1 0%. Dates are commonly consumed as fresh (khalal or 
rutab), or left to dry to low moisture (tamr) which is characterized by its good storability. 
The average annual per capita consumption in the UAE is approximately 3 5  kg (4) . Dates 
are an excellent source of simple sugars. In addition to some protein and fiber, dates 
contain some essential minerals and vitamins The flesh of tamr consists of two-thirds 
ugar and one-quarter water, the rest being mainly cellulose, pectin, ash and vitamins (7). 
The mature dates vary widely in their organoleptic, physical and chemical characteristics 
(5) 
Besides the direct consumption, dates are processed into date paste, date syrup 
(concentrated date juice or dibis) and chopped dates. Many packing houses and processing 
plants were established in the UAE to produce many types of dates and date products. 
Most of them are equipped with suitable machines for fumigation, handling, grading, 
sorting, washing, dehydration, pitting, automatic filling, vacuum plastic packing, hydraulic 
pressing and shrink wrapping (4). Date products are utilized in bakeries, confectionaries 
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Many kinds of cereal products and dried fruits which are stored in warehouses , 
kitchens, and groceries may be infested with insects, and/or any other organisms that may 
destroy or contaminate the foods (7). Stored product pests include several beetles, moths, 
and mites that can infest whole grains or processed foods. Infested package of foods may 
introduce insects to warehouses, homes or any food storage place (7). Pests eat or 
contaminate food making it unfit for humans. Post-harvest damage to foods due to insects 
is about 9% in the United States (7). United State Department of Agriculture (USDA) 
requires all grain products to be fumigated before packaging and shipment to stores to 
control the pests (6). 
Saw-toothed grain beetle (Oryzaephilus surninamensis) is a common stored food 
products pest that infests variety of products (cereals, dried fruits, bran, rolled oats, rice, 
walnuts, breakfast foods, macaroni, sugar, drugs, dried meats, chocolate, and tobacco (8; 1 1 ). 
It gets its common name from the six teeth like projections located in each side of the par 
thorax (front portion of the thorax). In addition, there are three longitudinal ridges on the 
top surface of the thorax (9) . It is a cosmopolitan species, and its origin is not definitely 
established (9). This beetle is flattened and reddish-brown ( 1 0). It is well adapted for 
crawling into cracks and crevices (8), 2.5-3 rom long, with short clubbed antennae. Because 
of its size, they easily penetrate in to packaged foods and can cause major infestation 
problems in grocery stores and food processing plants. Males are distinguished from 
females by bearing a tooth on the femur of the hind leg 
(12)
. Adult beetles may live for 
more than three years ( 1 3). Each female lays 300-400 eggs, at rate of 6- 1 0  per day. Hatching 
requires 4- 1 2  days. Larvae are white, elongated and flattened ( 1 4), within few hours of 
hatching larvae begin to feed where they mature in 37 days and pupa about 76 days. The 
life cycle can be completed in 5 1  days or as early as 27 to 35 days in warmer conditions (8). 
4 

Both adults and larvae are considered economically hannful pests. Dried fruits are subject 
to infestation by insect pests during and after harvest . Several species of beetles are 
particularly associated with dried fruits because they are both field and storage pests. 
In the UAB there is a high degree of farm infestation of some date varieties ( Fardh, 
Lulu and Jabri). particularly late in the season. There is also re-infestation during storage, 
loading and distribution , which affects the quality. The major infestation in the UAB is 
caused by Ephestia spp . (tropical warehouse moth), Oryzaephilus spp . (grain saw beetles) 
and Carpophilus ssp. (dried fruit beetles) (4). In 1 995, half of the dates produced in the 
UAB were lost due to post-harvest handling (6). 
1.3 Control of infestation 
Fumigation of dried fruits upon arrival at the packing plant effectively controls 
infestation and also causes larvae and adults to immigrate from the fruit (15). Dates are 
fumigated when received at the packinghouses and processing plants to control date pests. 
Fumigants are pesticides or mixtures of pesticides that produce vapors (gases) that are 
toxic when absorbed or inhaled. Fumigants are formulated and sold as solids, li quids, or 
gases. All formulations volatilize when applied (16). 
1.3.1 Methyl bromide 
The bromomethane, commonly known as methyl bromide ( MB), is an organic 
alkyhalide compound C H3Br (17). It is a broad spec trum pesticide used in a wide variety of 
commodities . MB is an odorless, colorless, toxic gas 
(18) that has been used as soil and 
structural fumigant against insects, termites, rodents, weeds, nematodes, and soil borne 
diseases. It has been used to fumigate agricultural commodities, grain elevators, mills, 
ships, clothes, furniture, and green houses (1
9) . MB penetrates most commodities and it is 
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e ffec tive again t all life s tages of insec ts (20); and used for pos t-harves t and quaran tine 
trea tment of frui t , nu t, vege tables, and grains. 
MB i an e tremely dangerous and deadly fumigan t and special care is needed for 
per onnel conduc ting i ts applica tions. General symp toms of poisoning are severe chemical 
burns of the skin, re pira tory trac t, and o ther exposed tissue ; delayed chemical pneumonia, 
which produces wa ter in the lungs ; and severe kidney damage (20). 
Mon treal Pro tocol is an in terna tional trea ty designed to pro tec t the ozone layer by 
phasing ou t the produc tion of a number of substances believed to be responsible for ozone 
deple tion. MB has been iden tified as having a high ozone deple tion po ten tial by the US 
Environmen tal Pro tec tion Agency and Mon treal Pro tocol. Produc tion, impor ta tion and use 
of MB has been res tric ted and to be phased ou t due to i ts disadvan tages such as ozone 
deple tion, toxici ty to humans and animals, and con tamina ting ground wa ter and food wi th 
bromide residues .. MB was phased ou t in developed coun tries since 2005 and for 
developing coun tries a comple te phase ou t is in 2015 (18). 
1.4 Alternatives to Methyl Bromide 
Due to the problems associa ted wi th MB, research has been carried to find o ther 
al terna tives. Al terna tive pos t-harves t trea tmen ts mus t be as effec tive as MB and mee t 
environmental and regula tory re quiremen ts .  Trea tmen ts mus t be able to eradica te all life 
stages of insec ts tha t  may be found on food produc t wi thou t a ffec ting quality and 
environmen t. 
After con trol of field pes ts of harves ted da tes, there s till remains the problem of 
secondary infes ta tion during the various s tages of handling, sor ting, packaging and s toring 




In ect are known to I i  e in a wide range of thermal cl imates and the maximum 
temperature which they can urvive at range from 40 to 50 °C.  Post harvest heat 
tr atment to di infe t fre h and to red product ha e been u ed and their success relied on 
a baIanc between commodity tolerance and in ect intolerance or complete ki l l ing of 
in ect with minimum thermal impact on product qual ity. Uneven heating increases the 
ri k of product damage. An effective thermal treatment should provide required quarantine 
ecurit) with minimum ad er e effects on products quality ( 21). Factors that influence the 
effecti ene s of heat treatment for grain disinfestation include inlet air temperature, 
exposure time, in  ect pecies and their age, initial grain temperature and moisture content, 
and type of grain ( 21). Hot air can be applied by placing fruit or vegetables in a heated 
chamber with ventilating fan, or by applying forced hot air where the speed of air 
circulation is precisely controlled (
22) . 
Heat treatment is an establ ished method of disinfesting empty structures and 
equipment. Heat treatment may be a good pest management tool for some situations where 
fumigation is not recommended. During the First World War, stored wheat was heated to 
58-60 (CO) for at least 3 min as an insect control strategy (
23). Stored grain pests were kil led 
within seconds when exposed to temperature above 65 °C 
( 23). Convectional heating (44 °C 
for 30 min) was an effective method to control the Mediterranean fruit fly infestation of 
citrus without impairing fruit quality (
24). Heating Fantasia nectarine fruits Prunu persica 
(L.) at 4 1 ,  43 or 46 ± 1 °c for 24, 36, or 48h, respectively, disinfested without affecting the 
quality ( 25). 
Beckett (
26) studied the mortality of three species of insects at moderate elevated 
temperatures, and found that eggs of L. decolor were more tolerant than L. bo trychophila 
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at 46 ° to 5 1  ° . Heat treatment at 46 °C was lethal to L.paeta. Whi le heating at 43°C for 
30 min and using modified atmosphere (0.05% 0 ygen) control led fruit fly (Ceratie 
. r) . fru' (24) D . di d th h capllala on Cltru It . enm stu e e eat treatment for disinfestation of empty 
grain torag bin on Tribolium ca taneum , red flour beetles , and il0philu oryzae (L) 
and reported that to reach 1 00% mortal ity at all  locations the bin should be heated using a 
high power heating ),stem ( 1 8  KW) for 40 h at 500C (27) 
1.4.2 Freezing 
Various studie showed that sub-zero temperatures can be used to control insect 
infestation. Some studies indicated that freezing is not a rapid method. I nsects are quite 
tolerant of low temperatures to ki l l  museum pests objects must be exposed to -30 °C for 3 
days or - 1 8  °C for at least 1 4  days for 1 00% mortality (31). Freezing is especially slow when 
large objects containing insects are frozen due to low freezing rate. Al l  l ife stages of dried 
fruit beetles are ki lled at - 1 8 °C in Madjool dates (28). Quick freezing to - 1 7 °C is used for 
quarantine treatment for Anastrepha suspensa (Caribbean fruit fly) (29). The effect of 
exposure to O. -5. - 1 0  and - 1 8 °C was investigated on al l developmental stages of stored 
product insects Tribolium castaneum, Oryzaephilus surnamenisis (L.), and Ephestia 
cautella (30) . The effect of freezing at -5 °C for 2, 4, 6 days on the quality of apples and 
peach was studied for the purpose of for disinfestation of insects. No significant change 
was found in the consumer acceptance (32). 
1.4.3 Microwaving 
Microwaves are electromagnetic waves with frequencies ranging from 300 MHz to 
300 G Hz and corresponding wavelengths from 1 to 0.00 1 m.  Microwave heating is based 
on the transformation of alternating electromagnetic field energy into thermal energy by 
affecting polar molecules of a material . The major advantage of using microwave energy is 
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h fi d (33) . converte 1Oto eat 10 t e 00 . Mlcrowa e treatment can provide a continuou process 
to al low large quanti tie of products to be proces ed in a short period of time. Microwave 
treatment i con id red a afe and competiti e alternative method to fumigation, and can 
a oid problem of food afety and environment pol lution (34) since microwave energy has 
no adver e effect on the environment. In ect are unl ikely to develop resistance to this 
treatment (33). Microwa e and radiofrequency energy can be used to control insects in 
tored cereal and cereal products (33). Heating depends upon the electrical properties of the 
material . Therefore there is a possibi lity of ad antageous selective heating of insects in the 
food (33). Different tudies have been reported by many researchers to control in ect 
i nfe tation by microwave power. The u e of microwave energy to determine the mortality 
and vulnerability of l ife stages of various stored-products insects has been reviewed (33). I t  
was hown that eggs and pupae of maggot were destroyed in cabbage by microwave 
heating for 1 0  at power of 3000 W (34). Rice weevi l  (Stiphilus oryzae L) was heated to 55 
to 60 °C using an industrial continuous microwave oven to obtain 1 00% mortality with 
particular microwave power levels and treatment times (3
6). Microwave heating was also 
used to disinfest cherries using a pilot scale oven operated at 5000 W. The mortal ity range 
for larvae of codling moth was 5-62% before cold storage and 39 to 98% after cold storage 
for 2 days (37) . 
1.5 Dates quality 
A number of countries have formulated and applied date standards at the national 
level such as SA, Canada, Israel, Algeria, Tunisia, and Oman which are applied to local ly 
produced and imported dates. Date qual ity includes physical, chemical and sensory 
properties. Physical properties include the color and texture parameters. Chemical 
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propertlc include moi ture content and sugar profile. Date sugars consist of a mixture of 
ucro e ( 12 H22 011), gluco e C6 H12 06) and fiucto e (C6 H12 06). ensory properties are 
imp rtant determinants of food qual ity. Consumer preferences and sensory product profiles 
are among the mo t important information needed to determine the sensory qual ity. 
1.6 OBJECTIVES 
The objective of this study is to inve tigate food processing techniques 
(conventional heating, freezing, and microwave heating) as possible effective 
alternatives to methyl bromide against the saw-toothed grain beetle, Oryzaephilus 







2. MATERIALS AND METHODS 
2. 1. Dates 
Khalas dates cultivator was selected since it is the most consumed variety and very 
sensitive to skin peeling which might be caused by alternative disinfestation methods. 
Dates were obtained from Emirates Dates Factory in the season (2006/2007). Dates were 
fumigated with methyl bromide to ensure that they are free of any l iving insects at any l ife 
stages. Fumigation process was conducted by injecting methyl bromide in vacuumed 
chambers for about 1 5  min. then dates were ventilated for 1 35 min inside the chamber and 
kept for further ventilation in the holding area for 4 hours. Dates were stored in the cold 
stores at 9 ±3 0 C at the factory. These dates were used for the quality control and mortal ity 
tests. 
2.2. Infested dates 
Beetles (Saw-toothed grain beetles) and infested dates were col lected from the off­
loading area at the Emirates Date Factory. Infested dates which were returned back to the 
factory were also used. Insects and infested dates were placed in a cyl indrical plastic 
container and reared on the fumigated dates. Rearing was done in incubators at 37 °C (the 
optimum temperature rearing the insects) in the Protection Laboratory at Agriculture 
M unicipality, Al Ain, UAE. Infested dates were used for the study of insect mortal ity. 
2.3 Determination of mortality 
Two hundred and thirty grams of dates (30 dates) were exposed to each one of the 
different treatments. Dates were spread in polyvinyl chloride (PVC) containers and 
checked for the presence of live insects. Dates were incubated at 37  DC for two weeks then the 
1 1  

al ive and dead insects or larvae were counted. Adult insects were considered dead i f no 
movement was observed. Each treatment was replicated twice. Mortality rate was 
calculated as: 
M % = NdA + NdL x 1 00 
NsA+NsL 
where M is mortal ity, NdA is number of dead adult insects, NdL is number of dead larvae, 
NsA is the sum of alive and dead adults insects, and NsL is the sum of alive and dead 
larvae. 
2.4. Heating treatment 
Heating treatments were conducted in hot air oven ( Memmert, model no. 600, 
Ireland). Two hundred and thirty grams (approximately 30 dates) of dates ( infested and 
non-infested) were spread on stainless steel tray and heated at different temperatures (55,  
60, and 65 °C) for various exposure periods (5,  1 5 , and 30 min) .  Temperature of the oven 
was set 3°C above the target temperature of the treatment. Temperature probes ( Data 
Harvest, No.3 1 05. UK) with an accuracy of ±0. 1 °c, were placed in the core of an 
individual date fruit in the middle of the tray and also in the air at the top part of the oven. 
Treatment was started once the date temperature reached the desired temperature then 
maintained for the time required. After the treatment, non-infested dates were stored at 
room temperature and used for qual ity tests. Infested dates were used to investigate the 
mortality . Infested dates were incubated at 37 °C for 2 weeks and then alive and dead adult 
insects and larvae were enumerated. 
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2.5. Freezing treatment 
Freezing treatments were conducted in freezers ( DIOS type, Model R-dJ08, LG 
Electronics, Korea) .  Tow hundred and thirty grams (approximately 30 dates) infested and 
non-infested dates were spread on a stainless steel tray. Dates were frozen at different 
temperatures ( - 1 8, -25 and -30 °C) for various periods (5, 1 5  and 30 min). Temperature of 
the freezer was set at the target temperature for the treatment. Temperature probes (Data 
Harvest, No.3 1 05.  UK) with an accuracy of ±0. 1 °c, were placed in the core of individual 
date fruit on the middle of the tray and also in the air at the top part of the freezer. 
Treatment was started once the date temperature reached the desired temperature and 
maintained for the time required. After the treatment, non-infested dates were stored at 
room temperature and used for quality tests. Infested dates were stored in incubators at 37 
°c (the optimum growth temperature for saw-toothed insects) .  The l iving and dead adult 
insects and larvae were counted. 
2.6. Microwaving treatment 
Infested and non i nfested dates were exposed to microwave heating at different 
power levels (20%, 50%, 70%, and 1 00 % power) using a household microwave oven 
(Amana, URCAS5 1 1 ,  USA). The power output of the microwave oven was 1 1 00 W. It was 
operated at frequency of 2450 MHz. The oven has a mode stirrer but it is not equipped 
with a turn table. From the previous heating studies, it was known that 55 °C was lethal to 
saw- toothed grain insect adult and larvae. Therefore, it was aimed to reach 55 °C but not 
to exceed 65 °c, for higher temperatures may cause scorching of dates. After preliminary 




Table 1: M icrowave power levels and heating times 
Po�er (\V) Time (s) 
100 �O 
70 '") --) 
50 30 
�o 60 
Two hundred thirty grams of infested dates were placed in a clear plastic food 
grade bag to prevent adult insects from escaping. The bag of dates was placed on a glass 
tray and the dates were spread evenly. The tray was placed on a metal rack which was 
placed 15 cm away from the base of the oven cavity. The dates were heated for the 
specified time. Five dates were chosen randomly to measure their temperature using a 
digital thermometer (Ebro, TLC720, Germany). The processed dates were incubated at 
room temperature for 2 weeks after which alive, dead adult insects and larvae were 
counted. 
It was noticed that, microware heating cause uneven heat generation in dates. As 
result, the temperature of some dates reached to 126°C at 100% power level when they 
were heated for 44 s. Some scorched dates were observed during heat treatment. Therefore, 
the effect of pulsing on temperature distribution of dates was tested. Pulsing refers to 
turning the magnetron power on and off interrnittently to facilitate uniform heating (38). The 
infested dates were heated in the microwave oven for total heating time of 90 s by 
operating the oven for 5 s and stopping for l Os. 
The other researchers have found that heating the environment of the food 
commodity is as important as heating the food itself (37). However, microwave processing 
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heats only the food itself not the vicinity. Therefore, another test was applied to heat the 
surroundings as well as the dates. The dates were placed in a plastic bag and vacuumed to 
remove the air from the package. Then dates were immersed in a microwavable rectangular 
dish containing hot water at 60°C. The dates were immediately placed in the oven and 
heated by pulsing to 55 dc. This was done by operating the oven until dates temperature 
reached 55°C, stopped for a while, then operated again to keep the temperature at around 
55 dc. Total heating time for this treatment was 1 10 Seconds. 
2. 7. Quality parameters 
All quality tests were conducted in the laboratories at the Department of Food 
Science except sugar analysis which was performed at the Central Laboratory Unit (CLU) 
and sensory evaluation which was conducted at the Emirates Dates Factory,- Al Saad. All 
physical and chemical tests were replicated three times. 
2.7.1. Moisture content 
Moisture content of dates was determined using AO AC Official Method 934.06 (39). 
2.7.2 Water Activity 
Date samples were cut into small pieces and placed in a plastic sample holder. 
Water activity (aw) was determined using a water activity meter (Retronic, Hygrolab3). 
2.7.3. Sugar analysis 
Sugar profile of dates was determined using AO AC official method 977.20(40). 
2.7.4. Texture analysis 
A texture analyzer (CN S - Farnell, QT S) was used to assess the texture of dates 
following the method modified from Rahrnan(
41). The dates were cut open and pits were 
removed. They were made in to a thin uniform slab with a thickness of 0.4 em using a 
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roller. Rectangular slab of 1.0 X 1.0 cm was cut from the thick slabs and placed carefully 
on the table of the texture analyzer. 
For the two compression cycle, the cross head was allowed to descend at the rate of 
0.5 mm/s to a total deformation of 3 mm (75% compression). When compression stroke 
was completed, a plunger abruptly reversed direction and started its upward stroke at 1.5 
mmls then a second down and up cycle was run on the same sample. All operations were 
automatically controlled by the texture analyzer. The compression depth was held constant 
at 3 mm in all experiments. The instrument automatically recorded the force displacement 
or force time curve. Six to eight replicates were conducted for each treatment. The 
p arameters (attributes) calculated by the software were adhesiveness, cohesiveness, 
hardness, springiness and chewiness. 
2.7.5. Color 
Date samples were blended with sodium metabisulfite 1 % solution (1: 1) using a 
hand blender (philips HR13 96, Turkey). Sodium metabisulfite was used to avoid any 
oxidation reaction that may cause color changes during blending. Color was measured by 
using a colorimeter (ColorFlex, model No. 45/0 HunterLab, U S A). Each measurement was 
performed after standardization using a black, white and a green tile. The L, a, b values 
were measured. 
2.7.6. Sensory evaluations 
Twenty panelists were recruited from the staff at Emirates Date Factory, Al Saad, 
U AE. Criteria for recruitment were being regular consumers of dates (at least twice per 
week), willingness to evaluate dates, availability and willingness to participate during 
training and testing of dates. An informal focus group discussion was conducted. Panelists 
were presented with several date samples (different varieties and dates treated at different 
temperatures for different periods). A list of descriptive terms that characterize the sensory 
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properties of dates was developed. The panelists were trained to rate the intensity of 
stimuli using a line scale. Khalas dates produced by Emirates Date Factory ( AI Saad, 
U AE) were u ed as a reference sample. Intensities of the reference sample attributes were 
agreed upon by panel consensus. Eleven panelists were selected to evaluate date samples. 
Samples were coded with three digit random numbers. Water was provided for panelists to 
cleanse the palate of heir mouth between samples testing. Unstructured line scales ( 15 cm) 
anchored with different descriptors at both ends were used to rate the attribute intensities 
for date samples (Figure 2). Dates were evaluated for appearance, color, skin attachment, 
finn ess, sweetness, caramel flavor, hardness, staleness and stickiness. Panelists marked 
each scale to indicate their rating for each attribute and the intensity was measured starting 
from the left side of the scale. 
2.8. Statistical analysis 
Data analyses were conducted using S P S S  Windows Version 15.0. The effect of the 
treatments on date quality was analyzed by analysis of variance ( ANOV A). Mean 
separation of treatments was conducted using Tukey's test at P < 0.05. 
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Figure 2: Sensory evaluation ballot 
Sensory evaluation of dates 
Panelist #: ----------------------- Sample #: _______ _ 
Appearance "Degree to which dates appear" 
Poor 
Color "The actual color name" 
Yellow 
Skin attachment "The force required to remove the skin from dates" 
Loose or not attached 
Firmness "Force required to compress dates with fingers" 
Soft 


























3. Results & Discussion 
3. 1 Heating 
3.1.1 Effect of heat treatment on mortality 
Da tes were hea ted i n  the ove n a t  three differe nt tempera tures for differe nt time 
periods. T he average re quired time for the da tes to rea ch 65 °C was 35 mi n. T he da tes were 
ex posed to the desired tempera ture for 5, 1 5  a nd 30 mi n ( Figures 3, 4 a nd 5).  Hea ti ng da tes 
after rea chi ng 65 °C for 5, 1 5  a nd 30 mi n proved to be a n  effe ctive no n- chemi ca l me thod 
for co ntro l li ng saw -too thed grai n bee tle (Oryzaephilus surninamensis). I nse ct mor ta li ty 
was 1 00% ( Tab le 2). No livi ng i nse cts or larvae were prese nt after the hea t trea tme nts .  
Exposi ng the da tes to 65 °C for 5 mi n was ade qua te for comp le te disi nfes ta tio n. 
T he average re quired time for the da tes to rea ch 60 °c was 30 mi n. T he da tes were 
exposed to the desired tempera ture for 5 a nd 1 5  mi n ( Figures 6 a nd 7). Bo th trea tme nts 
proved to be effe ctive me thods for co ntro l li ng saw -too thed grai n bee tle (Oryzaephilus 
surninamensis). I nse ct mo rtali ty was 1 00% ( Tab le 2 )  a nd no livi ng i nse cts or larvae were 
prese nt after the hea ti ng treatme nts. Da tes were hea t trea ted a t  60 °C for 30 mi n si nce 
1 00% mor ta li ty was a chieved by 1 5  mi n exposure. Exposi ng the da tes to 60 °C for 5 mi n 
was ade qua te for comp le te disi nfes ta tio n. 
T he re quired time for the da tes to rea ch 55 °c was 25 mi n. T he da tes were exposed 
to the desired tempera ture for 5 mi n ( Figure 8 )  a nd this was e noug h to disi nfes t the da tes . 
I nse ct mor ta li ty was 1 00% ( Tab le 2) . No livi ng i nse cts or larvae were prese nt after 5 mi n 
exposure a t  55 °C. 
Ano ther a ttemp t was made to i nves tiga te mor ta li ty a t  50 DC. T he da tes were hea ted 
to 50 °C a nd kep t a t  this tempera ture for 1 5  mi n. I nse ct mor ta li ty was 96.9% ( Tab le 2 ). 
T herefore, i t  was de cided tha t 50 °c was no t le tha l  a t  exposure times s hor ter tha n  1 5  mi n. 
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It was concluded tha t 55 °C was the lowes t e ffec tive le thal tempera ture in a shor ter 
time period. Fu rther experimen ts were pe rformed a t  55 °C in order to de termi ne the 
shor tes t time needed for 1 00% mo rtality. Exposure time was measured when da tes were 
placed in the oven wi thou t wai ting da tes tempera tu re to reach 55 °C. The morta lity a t  55 
°C a fter hea ting da tes for 1 0  min was 26% ( Table 3)  wi th alive insec ts and la rvae. 
Increasing the exposure time increased the mo rtali ty .  The mor tali ty was 89.2% when 
exposing the da tes for 1 5  min. W hen hea ting the da tes for 20, 35  and 45 min a t  55 °C, 
there were no living insec ts or la rvae and the mor tali ty was 1 00 % ( Table 3). I t  was 
concluded tha t the sho rtes t le thal time was 20 min a t  55 °C. 
Previous s tudies repo rted tha t  grain pes ts were killed wi thin seconds when exposed 
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Table 2:  The mortality of insects at different temperatures for different timings. 
Life 
Treatment Duration 
status 5 min 1 5  min  30  min 
and 
Temp. growth Mortal ity Morta l ity Mortal ity 
(0C) stage Number (%) Number (%) Number (%) 
DA 1 42 1 00 1 1 4 1 00 244 1 00 
AA 0 0 0 
DL 8 7 1 5  
65 AL 0 0 0 
DA 1 27 1 00 359.5 1 00 
AA 0 0 
DL 1 0  36.5 
60 AL 0 0 




DA 1 23 96.9 
AA 4 
DL 0 
50 AL 0 
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Table 3: Mortality at 55 °C 
Time (min) Life s ta tus and gro wth  s ta ge Numbe r Mo rta li ty% 
D A  1 8  
A A  55 
DL 2 
1 0  AL 2 26 
D A  69 
A A  8 
DL 5 
15 AL ] 89 
D A  96 
A A  0 
DL 1 0  












45 AL 0 1 00 
D A ;  Dead Adul t, AA· Alive Adul t, DL, Dead Larvae, AL, Al Ive Larvae 
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3.1.2 Effect of heating on texture of dates 
The instrumenta l texture attributes for the dates are presented in Tab le 4. Texture 
parameters tested were hardness springiness, chewiness, cohesiveness, and adhesiveness. 
The hardness va lue is the peak force of the first compression of the product. The hardness 
need not to occur at the point of deepest compression, although it typica l ly does for most 
products (42). The hardness of the treated samp les was simi lar to the contro l samp le except 
the samp le which was treated at 65 °C for 5min. This sample was significantly harder than 
the contro l sample, but simi lar to the other treated samp les. Springiness is a measure of 
how the product physical ly springs back a fter it has been deformed during the first 
compression. The spring back is measured at the down stroke of the second compression. 
Springiness is measured by the distance of the detected height of the product on the second 
compression ., as divided by the origina l compression distance , the units are in mm. By 
expressing springiness as a ratio of its original height, comparisons can be made between a 
broader set of samp les and products (42). The springiness of samples were not significantly 
affected by heating at different temperatures . Heated dates have simi lar springiness and 
dates heated as the contro l samp le. Dates which were heated at 65 °C for 15 min showed 
least va lue for springiness and dates heated at 60 °C for 15 min had the highest value. 
Cohesiveness is how we l the product withstands a second deformation relative to 
bow it be baved under the first deformation. It is measured as the area of work d uring the 
second compression divided by the area of work during the first compression. Chewiness is 
ca lcu lated as G umminess * Springiness (42). Adhesiveness is the work to pu l the 
compression anvi l away from the samp le. Adhesiveness is more of a surface characteristic 
and depends on a combined effect of adhesive and cohesive forces, product viscosity and 




The texture properties of dates were sl ightly  affected by the heat treatment applied. 
Therefore any of these treatments can be applied for disinfestations without changing the 
texture properties of dates. The treatment that showed 1 00% mortality at the lowest 
temperature and shorter time, 55 DC for 5 min and didn't  cause significant changes in the 
texture properties compared to the control . The differences in the results in hardness and 
springiness which were in the samples treated for 60 DC and 65 DC might be due to the high 
temperatures used and also by the fluctuations in the temperature before reaching the 
required oven temperature. 
Table 4: Texture properties of heat treated dates. 
Temp. Time Hardness Springiness Chewiness Adhesiveness 
DC (min.) (g) (mm) (g) Cohesiveness (J)x I 0-3 
Control 2 1 25 .8a 0.8 1 ab 345 .97a 0.34a - 1 O.85a 
55 5 1 0725 .  l ab 0.89ab 1 66.09a 0.09a -8 1 3 . 1 5a 
60 5 1 2360.8ab OA5ab 75.53a 0. 1 9a -588.57a 
60 1 5  9084.8ab 1 .39b 34 1 .02a 0.09a -723 .89a 
65 5 96 1 3 .8ab 1 .05ab 264.28a O. l l a -6 1 1 .85a 
65 1 5  1 9630Ab OA l a  1 24 1 .36a 0_ 1 9a -909.7 1 a  
65 30 5065 _5ab 0.69ab 332.93a 0.2 1 a  -99. l l a 
. .  




3.1.3 Effect of heating on en ory propertie of date 
The en ory propertie of heated date are pre ented in Table 5 .  ensory attributes 
evaluated wer appearance, color, finnness, hardness, sweetness, caramel ized flavor, 
talene , and tickine 
Date appearance was not ignificantly affected by heating. Al l  the dates had simi lar 
appearance as the control .  The dates which were heated at different temperatures and for 
different times had similar appearance. However, heat treated dates had darker color and 
the inten it) of the color increased with time exposure at 65 °C. Al l  heat treated dates had 
imilar color as the control except dates treated at 65 °C for 30 min which had significantly 
darker color. Finnness, hardness and stickiness are texture parameters while caramel and 
staleness are flavor parameters. Heat treatments had no effect on sweetness, flavor and 
texture attributes of dates. Heated d ates at different temperatures for different periods had 
similar intensities for sweetness, flavor and texture. 
Overal l,  the sensory quality of dates was not affected by the heat treatments 
appl ied. Therefore any of these treatments can be applied for disinfestations without 
changing the sensory properties of the dates. The only exception was the treatment at 65 °C 

3.1.4 Effect of beating on moi ture, water activity, and sugar composition of dates 
Table 6 how the moi ture content, water activity and sugar composition of the 
treated dates. Although heated dates at 65 °C for 1 5, and 30 min, or 60 °C for 5, and 1 5  
min had Ie moisture content they were not significantly different as compared to the 
control date . Water activity of dates were not affected significantly by heating except 
heated date at 65 °C for 1 5  min had more water activity than the control dates. Sucrose 
was not detected in the date samples. Heat treatments had no effect on glucose and fructose 
content . 
Table 6: Effect of heating on moisture, water activity, and sugar content 
Temp. Time 
(min)  moisture Water Activ ity Fructose Glucose Sucrose °C 
Control 9.02a 0.40 1 a  33 . 1 a 34.2 a ND 
55 5 9.3 1 a  0.40 1 a  32.4 a 34.0a ND 
60 5 8 .65a 0.430ab 34.3 a 36.2 a ND 
60 1 5  8 .78a 0.439ab 3 3 .2 a 34.6 a ND 
65 5 9.09a 0.426ab 33 .9 a 35.3 a ND 
65 1 5  8 .48a 0.466b 33.2 a 33 .8  a ND 
65 30 8 .9 1 a  0.434ab 33.6 a 34.6 a ND 
Means wlthm a column wlth ddferent letters were slgm ficantly dlfferent at p<O.05. 
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3.1.5 Effect of heat on date color 
The color of food has been measured in L, a, b. The L, a, b, or CIELab, color space 
an international standard for color measurements adopted by the Commission 
International d 'Eclairage (CIE) in 1 976. L is the luminance or l ightness and range from 0 
to 1 00, where 0 is black and 1 00 is white color. The a is the degree of the red color while b 
i the degree of yel low color. Heat treated dates had significantly l ighter color compared to 
the control dates. Increasing exposure time at 65 °C increased the intensity of the l ightness. 
Date treated at 55 °c had a darker color compared to dates treated at 60 °C. This was 
oppo ite to what was expected; color should be darker with increasing heating temperature 
or exposure time at the same temperature (43). 
Treated dates had significantly more red and yellow colors compared to control 
dates (Table 7). The degree of redness increased with increasing heating temperature or 
exposure time at the same temperature. Dates treated at 55 and 60 °C had more yellowish 
hue compared to dates treated at 65 ° C .  
Table 7: Errect o f  beating o n  dates color 
Temp (0C) Time (min)  L a b 
Control 34.2a 1 2 .4a 30 .0a 
55 5 37 .9b 1 3 . l b  37.3c 
60 5 43.5e 1 3 .4b 38 .3c 
60 1 5  42 .0de 1 4 .6c 32 .6abc 
65 5 37 .9b 1 5 .2d 3 1 . 1  ab 
65 1 5  38 .8bc 1 5 .8e 3 1 .2ab 
65 30 40. 1 cd 1 6 .3e 36.9bc 
Means within a column WIth different letters were slgruficantly different at p<O.OS. 
3 1  

3.2 Freezing 
3.2.1 Effect of freezing dates on in ects 
Date were expo ed to different subzero temperatures for different periods of time. 
Th a erage time that wa nece sary to decrease the temperature of dates from room 
temperature to -30 °C was 1 20 min. Then the samples were kept for 30, 1 5, and 5 min at -
30 ° for the tr atment. Freezing for 30 and 1 5  min at -30 °C provided 1 00% mortal ity 
(Table 8) .  However, freezing for 5 min eliminated 99.6% of insects. Al l  of the adult insects 
were dead but one l iving larva was noticed in one of the replicates. 
The average time that was necessary to decrease the temperature of dates from 
room temperature to -25 °C was 40 min. Then the amples were kept for 30, 1 5  and 5 min 
at -25 °C. Freezing for 30  and 1 5  min provided 1 00% mortality (Table 8). However, 
freezing for 5 min eliminated 97.9 % of insects. Al l  of the adult insects were dead but 
some larvae were alive. 
The average time that was necessary to decrease the temperature of dates to - 1 8 °C 
was 40 min. Then the samples were kept for 30, 1 5  and 5 min at - 1 8 °C for the treatment. 
None of the treatments provided complete disinfestation. The mortal ity increased with 
time. The mortal ity was 98.6, 95.5 and 82.5% in 30, 1 5  and 5 min treatments, respectively. 
It can be concluded that freezing for 5 min was not effective at any of the 
temperature used since al l larvae were not eliminated. Freezing treatment at - 1 8 °C was not 
1 00% effective for any time period tested. Both adult insects and larvae survived the 
treatment regardless of the time of the treatment. The highest effective temperature was -25 
°C which needed at least 1 5  min to exterminate all l ife stages. Freezing at -30 °C also 
provided 1 00% mortality provided that the treatment was equal or longer than 1 5  min. 
Previous studies mentioned that museum objects can be disinfested by keeping at -
1 8 °C for 1 4  days (3 1 ) . It was also shown that eggs of E. cautella can be exterminated at - 1 8 
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° for 2 .6 h (30). The longe t time te ted in the current research was 30 min which didn't  
provide l OO% mortality. It might be pos ible to obtain 1 00% mortality if the freezing 
treatment at - \  ° i ext nded. 
Table 8: A erage percent mortal ity of insect at different freezing temperatures and 
time periods 
Life Treatment Duration 
tatu 30 min  
and 
1 5  min 5 min 
Temp. growth Mortal i ty Mortality Mortality 
(Oe) stage Number (%) Number (%) Number (%) 
DA 65 66.5  1 4 1 .5 
AA 0 0 0 
DL 5.5 4 0 
-30 AL 0 1 00 0 1 00 0.5 99.6 
DA 1 33 .5  67 69.5  
AA 0 0 0 
DL 2 .5  0 0 
-25 AL 2 .5  1 00 0 1 00 l . 5 97.9 
DA 1 28 63 .5  67.5 
AA 0.5 l .5 1 2 .5  
DL 0 0 0 
- 1 8 AL 1 98.6 1 . 5 95 .5  2 82.5 
. 
DA: Dead Adult, AA: Alive Adult, DL:  Dead Larvae, AL: Alive Larvae 
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3.2.2 Effect of freezing on dates texture 
The instrumental texture attributes for the dates are presented in Table 9. The 
parameters tested and analyzed were hardness, chewiness, springiness, adhesiveness, and 
cohesiveness. The hardness of the treated samples was not significantly from the control 
sample. 
None of the time temperature combinations tested for freezing treatment 
significantly affected any of the above mentioned texture parameters. It can be conclude 
that it is possible to disinfest dates by freezing without affecting texture attributes. 
Table 9: Effect of freezing on texture properties of dates 
Temp. Time Chewiness Springiness Adhesiveness 
(OC) (min) Hardness (g) (g) (nun) (J)x l 0-3 Cohesi veness 
Control 2023 .7a 1 58.3a 0.78a -53.9a 0.27a 
4692.6a 573 .0a 0.96a - 1 06.6a 0.25a - 1 8  5 
4960.0a 22 1 8.6a I . I 0a -326.9a 2.26a 
- 1 8  1 5  
2990. 1 a  3 79.2a 0.59a -57.4a 0.26a 
- 1 8  30 
1 645 .6a 266.6a 0.88a 
- 1 5.9a 
0.36a 
-25 5 
6387.6a 439.2a 0.62a 
- 1 1 1 . 1 a  0. 1 7a 
-25 1 5  
1 546.9a 1 96.6a 0.79a 
-36.7a 0.29a 
-25 30 
394. 1 a  0.65a 
- 1 60.2a O. l 7a 
-30 5 
527 1 .7a 
492.4a 1 .25a 
-3 1 0.7a O. l 7a 
-30 1 5  
4456.4a 
3974.8a 39 1 .9a 0.62a 
-84.5a 0.25a 
-30 30 
Means within a column with different letters were significantly different at p<O.05 
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3.2.3 Effect of freezing on sensory properties 
The ensory analysis was conducted only for treatments that provided 1 00% 
mortal ity. The sensory properties of dates were shown in Table 1 0. The evaluated 
parameters were appearance, color, skin attachment, finn ess, hardness, sweetness, 
staleness, and stickiness. 
Significant differences among samples were observed in appearance and colour (Table 1 0). 
The sample treated at -30 DC for 30 min was different from the control in term of 
appearance. The sample treated at -25 DC for 30 min was different from the control in 
terms of color. This sample was found to be l ighter yel low than the control .  No significant 
differences were observed among samples for other sensory attributes: skin attachment, 
firmness, hardness, staleness, and stickiness. Freezing treatment did not affect most 
sensory parameters even for the harsh treatment and longer time. 
Table 1 0: Effect of freezing on sensory properties 
Temp Time Skin 
(OC) (min) Appearance Color attachment Finnness Hardness Sweetness Staleness Stickiness 
Control 1 3 .9bc 1 3 . l ab l 3 .4a 1 3.3a 1 3 .2a 1 3 .4a 1 3 .Sa 1 3 .3a 
-25 30 1 4.Sc 1 4.3c 1 3 .9a 1 3 .9a 1 3 .4a l 4.2a l 3 .7a l 3 .6a 
-30 I S  1 3 .3ab 1 3.Sbc 1 3 .2a 1 2.9a 1 3 .3a 1 3 .4a 1 3 .8a 1 3 .9a 
-30 30 1 2.8a 1 2.3a 1 2.9a 1 3 .2a l 3 .4a 1 3 .7a 1 3 .6a 1 3 .4a 
Means within a column with different letters were significantly different at p<0.05 
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3.2.4 Effect of freezing on dates moisture and water activity 
The moisture content of the treated samples ranged between 7.3 to 8 .9% which was 
not significantly different from the control sample (Table 1 1 ) . Water activity of the 
samples increased with decreasing freezing temperature, it is known that freezing injures 
tissues (44) and inj ured tissue may lose some of its water binding abi lity hence water 
activity of sample increases. Al l  samples treated at -30 °C had significantly higher water 
activities than the control , regardless of the freezing time. None of the samples treated at -
1 8 °C were significantly different from the control sample. 
Table 1 J :  Effect of freezing on moistu re and water activity of dates 
Temp. Time Moisture Water 
(OC) (min) Activity 
Control 8 .2a 0.449a 
- 1 8  5 7.7a 0.463ab 
- 1 8  1 5  7.3a 0.466ab 
- 1 8  30 7.5a 0.472abc 
-25 5 8 .9a 0.468abc 
-25 1 5  7 .9a 0.488c 
-25 30 8 .0a 0.464ab 
-30 5 7.3a 0.477bc 
-30 1 5  8.3a 0.476bc 
-30 30 8 .2a 0.474bc 
Means within a column With different letters were slgmficantly different at p<O.05 
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3.2.6 Effect of freezing on dates color 
L values for the treated samples were significant different from the control sample 
(Table 1 2) .  The L value of control sample was 42. 1 . The L values of treated samples at _ 
30 °C for 5 min and 30 min were 5 1 .0 and 36.9, respectively. It is not possible to conclude 
about the direction of change in L value with respect to freezing temperature. 
The a value of al l samples was positive which indicated a red hue. The values of 
most samples were significantly different from the control . For most samples, freezing 
increased a value, the exception being the sample frozen at -30 °C for 5 min. This sample 
had an a value of 1 1 .9 which was significantly less than the a value ( 1 3 .3)  of control .  This 
increase in a value might be a result of tissue damage due to freezing. Tissue damage may 
promote enzymatic browning reactions in fruits which can be perceived as an increase in 
redness. 
The b values of al l samples were positive which indicated a yel low hue. The b 
values of most treated samples were significantly different from the control . For freezing 
treatment at - 1 8 °C and -30 °C for 5 min the samples were not significantly different from 
the control .  The yelloweness value of date frozen at - 1 8°C decrease significantly with 
increasing exposure time. Dates frozen at - 1 8 °C and -30 °C for 30 min had lowest 
yeloweness value which was significantly different from control sample. Keeping this 
exception in mind, it can be concluded that yel lowness decreased as treatment time 
increased. The lowest b value, 28.7, was observed in the sample that was frozen at -30 °C 
for 30 min. this may result from the oxidation bleaching of carotenoids during freezing. It 
was shown that carotenoids in tomato degrade due to oxidation during frozen storage at -7 
°C and - 1 8 °C for up to 7 months (45). 
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I t  can be concluded that color of dates changed with the relatively short freezing 
treatment applied. This difference was not only noticeable to the instrument but to the 
human eye also as evidenced by sensory analysis. 
Table 1 2 : Effect of freezing on dates color 
Temp. Time 
(0C) (min)  
L a b 
Control 42. l b  1 3 .3b 32.9d 
- 1 8  5 46.2c 1 3 .7bc 33 .4d 
- 1 8  1 5  42.8b 1 4.0cd 32.5bc 
- 1 8  30 42.9b 1 3.7bc 29.5a 
-25 5 42.9b 1 4.5de 33.9d 
-25 1 5  47.2c 1 4.7e 38.5e 
-25 30 42.7b 1 4.6e 32.5bc 
-30 5 5 1 .0d 1 1 .9a 34.9d 
-30 1 5  47.44c 1 2.2a 33 .8d 
-30 30 36.9a 1 3 .3b 28.7a 
Means WIthin a column WIth dIfferent letters were slgmficantly dIfferent at p<0.05 
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3. 3 Microwave 
3.3. 1 Effect of microwave treatment on mortality and dates 
Dates were exposed to microwave heating for di fferent time periods at four 
different power levels. None of the four treatment applied provide 1 00% mortal ity (Table 
1 3) .  The highest mortal ity rates were 90.9 and 92.3% for dates heated at 1 00% power level 
for 20s and 70% power level for 25 s, respectively. The treatments resulted in an average 
internal date temperature ranging from 50 to 60 °C. However, due to the uneven energy 
distribution in the microwave oven, all  four treatments occasional ly caused scorching of a 
few dates. For this reason, new trials using longer exposure times were not tested. Also, 
treatments using a shorter time were not tested since satisfactory mortal ity rates could not 
be obtained by the four treatments applied. 
Table 1 3: l osects mortality at different microwave power level and beating t ime 
Life status 
Time Ave. Date Temp. and growth Mortality 
Power % (s) (0C) stage Number % 
AA 5 
DA 58  
AL 1 












20 60 50 DL 3 64. 1 
AA; Alive Adults, DA; Dead Adults, AL; Alive Larvae, DL; Dead Larvae. 
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Literature indicates that pulsed microwave applications at low power level may 
help even heat distribution in the food (38). The dates were heated for 5 s fol lowed by a 
pause of l O s. This cycle was repeated for a total time of 1 95 s. The average date 
temperature was 80 °C resulting in 92. 1  % mortal ity (Table 1 4). Similar application for a 
total time of 225 s resulted in average temperature of 90 °C providing 95.95% mortal ity. 
Therefore, pUlsing as applied in these two treatments were not beneficial in terms of 
providing 1 00% mortal ity. It was observed that most adult insects and larvae inside the 
dates were extenninated by all treatments mentioned so far. The insects that survived the 
treatment were the ones that escaped out of the dates. Microwave energy heats the food 
itself but not the surroundings. Hence, the insects which were able to escape from the dates 
before the temperature reached a lethal level survived the treatment. 













20 225 90 DL 6 95 .9 
AA; Abve Adults, DA; Dead Adults, AL; Ahve Larvae, DL, Dead Larvae. 
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When dates were placed in a plastic bag and vacuumed, sealed, immersed in water 
at 60 °C and heated for a total time of 90 s with a pulsed microwave application, 1 00% 
mortal ity rate was observed with no scorched dates. Insects outside the dates, in addition to 
the ones inside, were kil led due to the indirect contact with hot water (Table 1 5 ). The 
internal temperatures of dates were 50 °C at the end of the treatment since most energy was 
absorbed by the surrounding water bath. For the same reason, scorching was not observed 
as a result of this treatment. The treatment needs further improvement by testing the effect 
of shorter heating time periods on mortal ity. One study that used microwave heating for 
disinfesting cherries emphasized that to have acceptable mortality the surrounding should 
be heated in addition to cherries (37). It was reported that for disinfestation of walnuts in 
shel l  mixing during heating and circulating hot air were needed to obtain treatment 
uniformity (46). Other studies mentioned disinfestation can be achieved for rice and cabbage 
by microwave heating without the need for heating the environment (35. 36). Wheat can be 
disinfested by heating with microwave energy at 500 W for 28 s using a continuous 
industrial oven, mortality of insects increased with power level and exposure time (33). 
Some researches proposed that preferential heating of insects over food might be 
possible due to the difference in  dielectric properties of insects and food (47, 37). Would that 








Power Time Ave. Date Temp. growth Mortal ity 




20 90 50 DL 4 1 00 
AA; Alive Adults, DA; Dead Adults, AL; AlIve Larvae, DL; Dead Larvae 
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The fol lowing can be concluded from the current study: 
• The heating treatment for 5 min was effective at all temperatures tested: 55, 60 and 
65 °C. The lowest lethal temperature was 55 °C requiring a treatment of 5 min. 
Further experiments showed that keeping infested dates in an oven set to 55 °C for 
20 minutes provided 1 00% mortal ity. 
• The shortest effective heating treatment (55 °C for 5 min) did not affect the texture 
and sensory qual ity of dates. Moisture content, water activity and sugar 
composition were not affected by any of the heating treatments. The lightness of 
date samples was increased with heating time and temperature. Heat treatments also 
increased redness and yel lowness. Even the mildest heat treatment affected the 
instrumental color properties significantly. 
• The freezing treatment for 5 min was not effective at any freezing temperature. 
Although adult insects were eliminated; however all  larvae were not ki l led 
completely. Freezing treatment at - 1 8 °C was not 1 00% effective for any time 
period tested. Both adult insects and larvae survived the treatment regardless of the 
time of the treatment. The highest effective temperature was -25 °C which needed 
at least 1 5  min to eliminate both adult insects and larvae. Freezing at -30 °C for at 
least 1 5  minutes also resulted in 1 00% mortality. 
• Freezing caused a l ighter yel low color affecting sensory color perception. The b 
value of treated samples decreased which indicated a decrease in yel lowness. Water 
activity increased as a result of freezing treatment. Texture parameters and moisture 
were not significantly affected by freezing. 
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• For the microwave treatment, as the power level was increased mortal ity increased 
accordingly. However, none of the treatments applied resulted in complete 
disinfestation. Since none of the treatments were effective, quality control tests 
were not performed. Pulsed heating treatment also did not provide 1 00% mortal ity .  
Dates vacuum packed, sealed and immersed in hot water and heated by pulsing for 
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